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The lattice described herein should be close to the final
arrangement of quadrupole lengths and locations; sufficiently
close that readjustment for measured dipole and quadrupole
.strengths will be minor and can be accomplished wihout changing
the position of the quad centers. The following values and

constraints were used in its design:
1) The QUAD STRENGTH was assumed to be 19.666 kG/inch at
a current that produced an integrated DIPOLE field of 45.00
kG x 252.0 inches. The actual assumption is k=.00375207/inch
vhere k is the constant in cos k1, (1/k) sin k1 ect.
2) The CENTERS of GROUPS of 4 DIPOLES in the Doubler are
aligned with the 4~dipole group centers in the Main Ring,
to insure proper fit into the tunnel. The 2-dipole groups
of the medium straight sections are also aligned, but the
magnet groups in the long straight sections need special
cons ideration. Because the doubler dipoles are longer, the
lattice of doubler QUADS is shifted downstream with respect
to the Main Ring. '
3) The SPACE between the effective end of a DIPOLE and the
effective end of a QUAD is taken to be 12.00 inches.
4) In the LONG STRAIGHT SECTION, the center of the downstream
4~-dipole group is pushed upstream by the increased length of
doubler dipoles. To compensate one must upstream the 3-dipole
group downstream by 4/3 of this displacement, which fixes the
beginning of the upstream quad DOUBLET. The end of this
doublet is chosen so the beginning of the clear section is
aligned with the beginning of the clear straight section in
the Main Ring. The effective quad end is 24 inches before its

main-ring counterpart to provide space for the cryogenic



transition and quad vacuum pumping which are permanent features
of all doubler straight-section ends.

5) The ANTI-SYMMETRY of the main-ring LATTICE is duplicated,
fixing the location of the downstream doublet. The centers

of the clear straight sections are not aligned because of

the lattice shift (see 2 above) and the clear length in the
doubler is longer by twice this shift - which helps injection
and extraction.

6) These considerations were incorporated into an iterative
des ign procedure which was used to find a LATTICE .which has:

a) a tune of 19.40 m both planes (matched) , ignoring
the weak dipole end focussing.

b) a good match to the Main Ring for direct beam trans -
fer. The different focussing necessitates a mis -match,

but only an 8% increase in emittance.

c) gquadrupole lengths which can be expressed to .01

with minimal round-off. The tables are calculated with
rounded values and show a trifling variation of B in the
standard cells.

7) The important lengths are: a standard QUAD EFFECTIVE LENGTH
of 68.85 inches, and a DIPOLE to QUAD center-to-center spacing
of 172.425 inches. For special quads this spacing is changed
by one-half of the length difference.
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Phase Amplitide Function Tables

Quadrupoles and their nearby elements are designated by STATION
NUMBERS, which in this listing run from 0 (straight section center)
to 35 (next st. section center). 0dd numbers are F quads, except
for 1 and 34 which are used for the two FD doublets. In the quad
center table (II), stations 1 and 34 are repeated, designating the
two quads of each doublet. 1In the space center table (I), vhich
normally gives values for the center of the ministraight, repeated
station numbers 7 (medium straight) and 33 refer to the center of
additional space (missing magnets), and 1 and 34 to positions
around the doublets, as indicated on the diagrams.

Table III lists n for the center of every dipole, and B for
dipoles in standard cells and in locations following 1,7 and 33.
Otherwise, the tables list ¢ - in degrees module 360, 8,a, n, and
n'. For persons whose space is metric the tables are repeated with
conversion before round-off.

It is anticipated that this different format will eliminate
much of the arithmetic attendant on use of SYNCH tables, which give

values for element ends rather than centers.
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DEG,

0

169
19.4
22.7
66.1
97 .9
133.8

1655
201 .3
233.1
238

268.9
300.7

336 +5

44 .1
7549
11167

143 .5
179.3
211.1
246 .9
2787

314.5
346 .3
22.1
53.9
89.7

121.5
15%.3
189.1
224.9
256 «7

292 .5

324.3
0.l
31.5
34
52 .2
573

84

@

INCHES

2672

4534
3591
2536
1178
3770
1178

3771
1178
3770
2827
1178
37170

1178
3171
1178
37%0
1178

3711
1178
37170
1138
3770

11178
37%1
1178
3770
11378

3770
1118
37711
1178
3770

1178
3771
1178
3894
3741
2544,
1902

2672

ol

=0+65

-1.189
5.789
1137

~0.611
1.843

-0.612

1.844
~0.611
1.843
1.516
-0.612
1.843

-0.612
1.844
~0.611
1.843
-0+612

1.844
~0.612
1844
0611
1.843

-0.612
1.844
'0.611
1843
-0.612

1.843
-0.612
1.844
-0.611
1.843

-0.612
1844

-0.612
0.48
0.426
3888

"=0ell

~0+65

o

INCHES

80.6

103.3
91.1
453
463
B2.2
70.3

160

119.9
230.1
200.3
118.6
159.1

65.3
76.8
43.7
89.8
805

182

130.1
239.3
131.2
190.8

B2 ¢4
96 +5
4461
731
6367

149.6
117
231.3
137.9
21%

100.7
1245
513
6944
67 .8
629
579

B0 .6

Srace CenNtERs.

’

LN
wetod,

22

22
-153
-43
17
~31
67

-57
88
=106
-106
25
-101

-4
=48
26
-29
8

-68
87
-116
43
-114

-1
-64
11
-28
63

-51
91
~-104
61
-122

In.
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VERT\CF\L \:_-uwc,‘r\onlf: AT SPﬂC.E CENTEE’&

ST, ¢ 3 ol

YEG. INCHES
o 0] 2672 0«65
1 267 1902 Oe11
1 31.8 2544 -3.888
1 35 3230 =0.142
2 53.8 3770 1.843
3 89.7 1178 -0.612
4 121 +4 3711 1.844
5 157.3 1178 0611
6 189 3770 1843
7 224 .9 1178 -0.612
1 23646 1613 =0.939
8 256 46 3771 1.844
9 292 4 1178 -0.612
10 324 .2 3770 1.844
11 0 1148 -~0.611
12 318 3770 1843
13 6746 1178 -0.612
14 99 .4 3371 1.844
15 135.2 1178 -0.611
16 167 37%0 1843
17 202.8 11798 -0.612
18 234 .6 3470 1.843
19 270 .4 1178 -0.612
20 302.2 3771 1.844
21 338 11798 0611
22 9.8 3770 1.843
23 45 +6 1178 -0.612
24 T7 ¢4 3771 1.844
25 113.2 1178 -0.612
26 145 3770 1.844
27 180.8 1178 =0.611
28 212.6 3770 1.843
29 2484 1198 -0.612
30 280.2 3471 1.844
31 316 1178 <0+611
32 347 .8 3770 1843
33 22.3 1139 =017
33 306 1222 -0.323
34 6446 3591 -5.789
34 671 4534 1.189

35 84 2672 065
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¢

DES.

181
20+8
639
971
130.9

164 .7
19845
232.3
266.1
299.9

3337

75
41 .3
751
108.9

142.7
176 «4
210.2
244

277.8

311.6

345 «4
19.2
53
86«8

120.6
154 .4
188.2
222

255.8

289.6
323 .4
357.2
30.8
50 .6
54 .6

84

R

INCHES
2672

4511
2827
1133
3920
1130

3921
1130
3920
1130
3921

1130
3921
1130
3920
1130

3921
1130
3921
1130
3920

1130
3921
1130
3920
1130

3921
1130
3921
1130
3920

1130
3921
1130
3912
3103
1988

2672

oL

-0e65

2.725
3e121
-0.215

CO0O00O0 (=R eoNoReNo OO0OO0CO0OO0O O000O0

CO0OO0O

leNoNe)

~0.701
2255
1.623

=065

"\

INCHES
80«6

102.6
80.3
4546
83.3
6d

161.9
115.8
234.2
11841
1635

66.1
8.9
4246
90.7
T6 4

184.4
126.2
243.9
129.8
195 .4

83.1
99.3
43.8
4.1
606

1513
112.7
2353
135.6
222.2

101

128.2
51.9
6946
68
573

806

21
31

-32
-22

-36
=10

15
40

22
26

-20
-19

-41
-16
-10

33

23
36
10
-5
-14

=40
-21
-25

12
-32
-27

22)
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VEEUCPL FuN&'noNS AT QOHD. CENTEE‘S.

SN, ? B o
DEE. INCHES

{o 0 2672 0651
1 2904 1988 '10623
1 334 3103 -2 255
2 53.2 3912 0.701
3 86 .8 1130 0

4 120 .6 3921 0

5 154 .4 1130 o

6 188.2 3920 0

7 222 1130 0
8 255.8 3921 0

9 2896 1130 0]

10 323 .4 3921 0

11 357 .2 1130 0

12 31 3920 0)

13 64 .8 1130 0

14 98«6 3921 s)

15 1324 1130 )

16 166.2 3920 0

17 200 1130 0

18 233.8 3921 0

19 267 .6 1130 o

20 301.3 3921 0

21 335.1 1130 0

22 8.9 3920 0

23 42.9 1130 0

24 765 3921 0

25 1103 1130 0

26 144 .1 3921 0

27 177.9 1130 s}

28 211 .7 3920 0

29 245.5 1130 0

30 279.3 3921 0

31 313.1 1130 0

32 346 .9 3920 0

33 201 1133 0.215
34 659 4511 -2.725

[3s 84 2672 0.65]



FuneTioNS AT D\@uu‘s Centers I -)
N - nches.

STV ST
1 69 59 52 47 49 56 65 76 3
3 78 72 68 66 81 100 122 146 5
5 152 139 128 119 133 159 186 216 7
7 160 134 124 133 144 158 9
9 147 122 99 79 66 67 70 16 11

11 70 60 51 45 47 56 67 80 13

13 84 79 75 14 91 113 138 165 15

15 170 155 142 131 143 168 196 226 17

17 223 194 168 144 139 153 169 187 19

19 176 148 122 98 84 86 90 96 21

21 88 73 60 50 46 51 SY 67 23

23 68 63 59 58 72 91 111 134 25

25 140 129 120 114 130 156 185 215 27

27 216 191 168 147 148 166 181 210 29

29 201 171 143 117 104 109 115 124 31

31 114 94 17 61 52 54 58 65 33

33 65 64 66 0

Ei-tnchas
Bv
F 3247 2446 1809 1334 1386 1882 2541 3362 F
1386 1882 2541 3362 3247 2446 1809 1334
1 2190 1731 1397 1190 1386 1882 2541 3362 3
3284 3408 3576 3788 3247 2446 1809 1334
7 1836 1353 1386 1882 2541 3362 9
2504 3318 3247 2446 1809 1334
33 3533 3375 3261 - 0
1464 1827 2316

-10 -
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29.92
95.77
29.91
95.76

29.92
95.78
29.92
95476
29.91

95.76
29.92
95.78
29.91
95.75

29.91
95.77
29.92
98.91
95.03
64 .61
483

67 .86

oC

=065
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5789
1137
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1.843
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=0.611
1.843
1.516
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1.843
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1844
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1.843
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1844
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267
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35

53.8
89.7
121 .4

157.3
189

224 .9
236 .6
256 «6
292 .4

324 .2

31.8
67 .6
394

135.2
167

202.8
2346
270 o4

302.2
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9.8
4546
774

113.2
145
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248.4
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306
64 .6
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64 .61
82.03
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95477
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40497
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29.92

95.77
29.91
95.75
29.92
95.78

29.92
95.76
29.91
95.76
29.92

95.%8
29.92
95.76
28.92
31.04
91.22
115.17

67 .86

O.l1
-3.888
-0.142

1843
-0.612

1.844

“0.611
1.843
-0.612
-0.939
1844
~0.612

1844
~0611
1.843
-0.612
1.844

-0.611
1843
-0.612
1843
-0.612
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~0.611
1.843
-0.612
1.844

-0.612
1.844
-0.611
1843
-0.612

1844
-0e611

1.843
-0.13
-0.323
~-5.789

1.189
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28471
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NegTicat fumeTions @1 Quan. CEnieRs,

S, “? (3 o
DES, M.

Lo 0 67 « 86 0.65 ]
1 29.4" 5049 ~=1.623
1 334 78.81 -2.255
) 5342 99.36 0.701
3 86«8 28.71 0
4 120.6 99.59 )

5 154 .4 28.7 )
6 188.2 99.57 0
7 222 28.71 0
8 255.8 99.6 o
9 289.6 28.71 0

10 323.4 99.58 0

11 357 .2 2847 0

12 31 99.58 0

13 6448 28.T1 0

14 9846 99.6 1)

15 132.4 28.71 )

16 1662 99.58 )

17 200 28.7 0

18 233.8 99.59 )

19 267 .6 28.71 0

20 301.3 99.59 )

21 335.1 2847 0

22 849 99.57 0

23 42.7 28.71 0

24 765 99.6 0

25 110.3 28.71 0

26 144.1 99.58 0

27 197.9 28.7 0

28 211.7 99.58 0

29 245.5 28.21 0

30 279.3 99.6 0

31 313.1 28.71 0

32 346 .9 99.58 0

33 20.1 28.77 0.215

34 6302 71081 "30121

34 6549 114.58 =2.725

L35 84  67.86 0+65 |
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11
13
15

17
19
21
23

25
27
29
31

33

33

FU NCTIONS

_15_

a1 DiroLe CentERS i s

. ’(\ - METERS
STN.
1.74 151 133 1.2 1.25 1.42 1.64 1.92 3
198 1.83 173 169 2¢05 255 3.11 3.72 )
3485 353 3.25 3.03 338 4.03 4T3 548 7
4.06 3.4 3e15 338 366 4 9
372 3.1 252 2 1.68 1.7 1«79 1.92 11
179 1.52 1.3 1e14 1.2 142 1.7 2403 13
2.13 199 1.91 189 2.31 288 351 4.19 15
4632 393 3.6 332 363 4.28 4.98B 573 17
Se65 494 427 3466 3653 388 4.28 4.74 19
el 8 3-76‘ 3.1 249 2¢13 2.18 2.29 2.45 21
225 1486 1«53 1.26 117 129 1446 1.69 23
173 159 151 149 183 23 282 344 25
3456 J3.28 3.06 2.89 3.3 3697 469 5647 27
Sed48 484 4.26 334 376 4.23 4475 5433 29
Sell 4.34 363 2.98 2664 2¢7T6 2493 3616 31
291 2e4 1.95 155 1.32 137 1.48 1.64 33
1¢65 163 168 4]
dﬁ_ H _ MeTERS.
Bv
B2.5 62.1 45.9 33.9 352 47.8B 64.5 85.4 F
352 478 645 B544 "82¢5 62e¢1 459 33.9
556 44.0 35.5 30.2 35¢2 47«8 64.5 85.4 3
83e¢4 B6e6 908 96.2 825 621 45.9 33.9
4646 3444 352 4T+8 645 B8BS5Se4 9
63«6 84.3 825 621 459 339
89.7 B5e7 82.8 . 0
3742 4644 588



